We investigated the behavioral effects induced by an acute exposure to a commercial formulation of glyphosate (GF) in a dose that was about double the concentration of the no observed adverse effect level (NOAEL) in male and female BALB/c mice. The acute neurotoxicity induced by GF exposure was determined through analysis of general activity, the sensory system, the psychomotor system, the central nervous system and the autonomous nervous system in both male and female mice. The behavioral effects on exploration, anxiety and depression induced by GF exposure were determined with the open field, elevated plus maze and tail suspension tests, respectively. GF induced few signs of acute neurotoxicity. Locomotion in the open field was decreased in only female mice. No signs of anxiety were detected in the plus maze test in both sex, however, a reduced exploration was observed in male mice in this apparatus. In the tail suspension test, both male and female mice showed an increased immobility time. No interaction between sex and treatment was detected. In conclusion, GF exposure at about a dose twice that of the NOAEL induced few signs of neurotoxicity and no sexual dimorphism in all behavioral models employed.
Introduction
Glyphosate is a highly effective herbicide used to control weeds in several crops 1, 2 . Oral and dermal LD50 values for glyphosate in rats are greater than 5000 mg/kg 3 . Using the acute toxicity classification system employed by the U.S. EPA, both glyphosate and its metabolite, AMPA are classified in the least toxic category, i.e., IV (EPA) 4 . These results show that the acute toxicity of glyphosate and AMPA is very low. However, acute studies have reported that products such as Roundup®, which contains glyphosate and polyoxyethyleneamine, may be more toxic than glyphosate alone 5 . Studies show that deaths have occurred 1-2 days after exposure to 8,300 mg/kg 5 .
The main objective of the behavioral toxicology studies is predicted the effects of chemical exposures on human brain function by animal models to evaluate the neurotoxicity. Kamel and heavy metals as lead 13 , and cadmium 14 . In the present study, the acute neurotoxicity of a commercial formulation of glyphosate [GF] was evaluated by behavioral methods. To assess the acute neurotoxicity it was employed a battery of tests including the analysis of multiple parameters related to general activity, the sensory, psychomotor, the central nervous and the autonomous nervous systems as previously reported 15 .
The open field behavior was used to evaluate the GF emotional /motor effects. The anxiety was observed in the plus maze and the depressive state by the tail suspension model. The BALB/c strain was used to avoid genetic interferences since these mice were genetically identical.
Material and Method
Male and female adult BALB/c mice (25- The open field (OF) test was used to assess the effects of GF exposure on emotionality and exploration.
A white, circular, wooden arena was built as previously published by 16 
Results
In terms of locomotion frequency (Figure 1) There were few differences between control and experimental groups in the acute signs of neurotoxicity induced by 100 mg/kg of GF in mice. When compared with the control group, an increase in hindquarter fall was detected in both male and female GF-treated mice, and male mice presented with increased tremors (Table 1) . No deaths occurred over the seven days after treatment.
As depicted in figure 2 , 100 mg/kg of GF reduced locomotion frequency (F 1/28 =10.06; p<0.01) in female mice; however, there was no effect in male mice (F 1/28 =0.38; p=0.54) and no interaction between factors (F 1/28 = 0.77; p=0.386). The immobility time were not modified by treatment or sex.
There were no differences in the AI (Figure 3 
Discussion
The present results show that acute toxicity to 100 mg/kg GF dose induced by behavior effects reduced signs of neurotoxicity in male and female mice. In .
After exposure to 100 mg/kg of GF, the hindquarter fall was increased in both male and female mice. In addition, male mice showed an increase in tremor.
Hindquarter fall is involved with psychomotor systems, while tremors are better related to a neurotoxic effect.
General activity is an index for evaluating behavioral changes in animals induced by not only physiological and genetic manipulation but also by toxicological interference 23, 24 . As shown GF exposure decreased the locomotion behavior of female mice in the OF, but it had no effect on male mice, but statistical analysis did not reveled an interaction between sex and treatment.
Immobility duration, rearing and defecation frequencies were not affected by sex or GF exposure.
Among the techniques used to assess general activity, OF enables the measurement of multiple parameters, including emotional, exploratory and motor behavior 25, 26 . Defecation and locomotion represent variations in the emotional state of the animal; for example, an increase in defecation and a reduction in the duration of locomotion would imply an increased emotionality. Under this premise, the exposure of mice to intense light and a noisy environment during the OF testing could have adverse effects. On the other hand, when an animal is exposed to less aggressive condition, such as low luminosity and absence of noise, the duration of locomotion may be used to assess changes in exploratory and motor behavior. Importantly, the emotional component does not disappear in such conditions; rather, it becomes less relevant. In our present conditions, the mice were observed under the laboratory light, i.e., in less aggressive conditions. Thus, data from this experiment should be represent more an exploratory OF interference than emotional effect.
In addition, several studies have shown that female rodents explore a new environment more than males 23, 25 .
More specifically, several data show the sexual dimorphism in OF behavior, with females being more active Depressive states also lead to decreases in locomotion behavior. The TS test, a method often used to evaluate antidepressant drugs, was used to investigate if the decreased locomotion in female rats treated with GF was related to a depressive state 20 . The immobility time in the TS is considered to be due to an inability or reluctance to maintain effort rather than generalized hypoactivity. Our present results show that both male and female mice had an increased immobility time in TS. Thus, the decrease in locomotion behav- 
Conclusion
In conclusion, 100 mg/kg of GF administered by oral route, twice the glyphosate NOAEL, induced few signs of acute neurotoxicity by behavioral tests, reduced the capacity of exploration in the open field test and increased the immobility time in the tail suspension test. Finally, the GF acute treatment did not produced a sexual dimorphic response in all behavioral models here employed.
